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Abstract 
 
The relationship between internal experiences and physical activity and the moderating role of 
acceptance-based psychological processes in people with overweight and obese BMIs 




Rationale: There are low rates of physical activity in adults with overweight and obese BMIs. 
Internal experiences may be an important and under-addressed determinant of physical activity 
behavior, however they have not been measured with objectively measured physical activity in 
people with overweight or obese BMIs; therefore this study’s first aim is to address this gap. The 
study’s second aim is to examine a new approach to physical activity promotion that is based in 
acceptance, which has preliminary evidence in interventions but the theoretical model has not 
been directly tested. Methods: Adults (n=320) rated their internal experiences during a treadmill 
walking task at baseline of a behavioral weight loss trial. Participants also completed 
measurements of physical activity (accelerometer) and acceptance-based psychological processes 
(self-report) at baseline. Accelerometer measurement of physical activity was repeated six 
months after initial behavioral weight loss. Compound poisson linear models were utilized to test 
the relationships between internal experiences, acceptance-based psychological processes, and 
physical activity. Results: Higher ratings of energetic and strength were both separately 
positively associated with concurrent physical activity. Discomfort tolerance moderated the 
relationship between ratings of weak/strong and physical activity, and perceived exertion and 
physical activity. Other significant moderation models yielded results contrary to hypotheses, 
such that acceptance-based psychological processes had a larger effect at positive internal 
experiences. No model significantly predicted physical activity at six months. Conclusions: 
Results from the first aim suggest that there is divergence in the relationships between different 
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internal experiences and physical activity, and it may be clinically helpful to include more 
specific measurement of internal experiences in future studies. Results from the second aim 
suggest that discomfort tolerance may be a key skill in physical activity promotion. However, 
overall acceptance-based psychological processes had a larger effect on positive internal 
experiences, suggesting that a positive affective experience may be necessary to create an 
environment conducive to skill utilization. Additionally, no models significantly predicted 
physical activity at six-months, suggesting that other factors such as the changes during weight 
loss may be more salient to physical activity engagement at six-months. Limitations in 
methodology and measurement of the internal experience and acceptance-based psychological 
processes are discussed. This study is the first to examine internal experiences, acceptance-based 
psychological processes, and objectively measured physical activity in adults with overweight or 
obese BMIs. Future studies should address the limitations of this study to further investigate the 
theoretical model of acceptance-based interventions for physical activity. 
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CHAPTER 1: INTRODUCTION 
 
1.1 Physical Activity and Obesity 
Physical activity is an important health behavior for people with overweight or obese 
body mass indexes (BMIs). Engagement in moderate to vigorous physical activity (MVPA) is 
associated with lower all-cause mortality, lower risk of coronary artery disease, lower blood 
pressure, reduced stress, and improved self-esteem, which can buffer against the negative effects 
of obesity (Aadahl et al., 2009; Boulé, Haddad, Kenny, Wells, & Sigal, 2001; Haskell et al., 
2007; Kelley, Kelley, & Tran, 2005a, 2005b). Additionally, weight loss attempted with calorie 
restriction and physical activity has greater cardiovascular benefits, and results in approximately 
20% greater weight loss, than weight loss attempted with calorie restriction alone (Curioni & 
Lourenço, 2005; Redman et al., 2007; Ross et al., 2000; Swift, Johannsen, Lavie, Earnest, & 
Church, 2014). During weight loss maintenance, individuals who engage in high levels of 
physical activity (i.e. greater than 150 minutes per week) regain significantly less weight than 
those who engage in lower amounts of physical activity (Anderson, Konz, Frederich, & Wood, 
2001; Jakicic, Marcus, Lang, & Janney, 2008; Wadden, Vogt, Foster, & Anderson, 1998). 
Specifically, Jakicic et al. (2008) observed that participants maintaining a 10% or greater weight 
loss at 24 months were engaging in approximately twice as much physical activity compared to 
participants with poorer weight loss maintenance. Another study found that increased physical 
activity was predictive of 10% weight loss at 24 months, over and above contact with clinicians 
(Unick, Jakicic, & Marcus, 2010). While this evidence is correlational and thus must be 
interpreted with caution, consistent high levels of physical activity appear to be associated with 
successful weight loss maintenance. 
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1.2  Low Rates of Physical Activity 
Despite these powerful benefits, only 2-3% of adults with overweight and obese BMIs 
engage in the recommended 150 minutes per week of MVPA (Centers for Disease Control and 
Prevention, 2014). Additionally, even with intervention there is mixed uptake; almost all 
participants increase their physical activity during the first six months of treatment, however 
after intervention only a small subset maintain a high level of physical activity, and most 
participants return to baseline levels (Jakicic et al., 2008; Rockette-Wagner et al., 2016; Tate, 
Jeffery, Sherwood, & Wing, 2007). For example, 30 months after a behavioral weight loss study 
with a focus on increasing physical activity, 49% of participants were expending below 1,000 
calories/week through exercise, and only 18.3% of participants were meeting the physical 
activity goal (expending 2,500 calories/week through exercise) (Tate et al., 2007). In a large 
sample (n=1,574) from the Diabetes Prevention Program assessed 10 years post-intervention, the 
majority of participants were engaging in less than 150 minutes per week of MVPA (Rockette-
Wagner et al., 2016).  These results demonstrate a variability in treatment response, with large 
portions of participants engaging in less than the recommended amount of MVPA, despite 
rigorous intervention. This variability indicates that there are barriers to physical activity that 
warrant further investigation to increase this health behavior universally.  
1.3 Affective Barriers to Physical Activity  
A proposed explanation for these suboptimal results is the insufficent incorporation of 
affective determinents of behavior into interventions and theoretical models (Ekkekakis, 
Hargreaves, & Parfitt, 2013; Manstead & Parker, 1995; Rhodes, Fiala, & Conner, 2009; Rhodes 
& Kates, 2015; van der Pligt, Zeelenberg, van Dijk, Vries, & Richard, 1997; Zanna & Rempel, 
1988).  The terms affect and affective states have several meanings in psychological literature. 
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The definition used in this study is the “report of overall pleasure/displeasure, enjoyment, and 
feeling states,” which is consistent with the literature on affect and physical activity (Ekkekakis 
et al., 2013; Rhodes et al., 2009; Schneider, Dunn, & Cooper, 2009; Schneider, Schmalbach, & 
Godkin, 2017).  
A proposed explanation for affective response during exercise influencing future physical 
activity behavior is based in operant conditioning; learned associations come from desirable or 
undesirable outcomes from a behavior, i.e., learning the association that physical activity is 
either pleasurable or uncomfortable will predict future engagement, or lack thereof, in physical 
activity (Hall, 1976; Rhodes et al., 2009). In studies conducted to test this theory, participants 
engaged in a bout of exercise, a type of physical activity, either treadmill walking or stationary 
biking. Participants reported affect, typically through the Feeling Scale described below, at 
different points during the exercise. Afterwards participants reported their intention to engage in 
physical activity in the future, or received tools to measure their physical activity in the future 
(i.e. accelerometers). In support of an operant conditioning model, these studies demonstrated 
that the most proximal consequence, affect during exercise, predicted future physical activity 
(Rhodes & Kates, 2015; Unick et al., 2015; Williams, Dunsiger, Jennings, & Marcus, 2012). 
Specifically, a review of 24 studies demonstrated that positive mid-exercise affect predicted 
intentions to engage in physical activity and future physical activity with medium effect sizes 
(Rhodes & Kates, 2015). Williams et al. (2016) also found that participants who scored one unit 
higher on a one-item measure of affect (the Feeling Scale) at mid-exercise performed 
approximately 13 minutes of additional exercise at the next session. Despite these studies 
measuring affect at different time points, including post-exercise, mid-exercise affect was the 
only measurement of affect that reliably predicted future physical activity intentions and 
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behavior (Rhodes & Kates, 2015; Unick et al., 2015; Williams, Dunsiger, Jennings, & Marcus, 
2012). Overall, this demonstrates that mid-exercise affect can influence future physical activity 
behavior. 
1.3.1 Measurement and methods limitations in the internal experience and physical activity 
relationship  
Although the extant literature demonstrates a relationship between mid-exercise affect 
and physical activity, the measurement and methods employed limit full understanding of this 
relationship. While affect has been widely studied as a singular construct in physical activity, 
affect falls under a broader umbrella of factors that may influence physical activity, termed 
“internal experiences.” Internal experiences encompass cognitions, affective experiences, urges, 
appetitive drives, and physiological sensations, all of which may impact physical activity 
behavior (Forman & Butryn, 2015). For example, a drive to drive to conserve energy by 
remaining sedentary would be an internal experience that could alter physical activity behavior, 
but is not affect specifically. Physical sensations, such as fatigue or soreness, are unique 
components of physical activity that someone may find aversive and are not explicitly part of 
affect, although the decision to engage in physical activity may depend on the presence or 
absence of those sensations. Therefore, a broader view of affect as one component of internal 
experiences during physical activity is necessary in order to capture the full range of factors at 
mid-exercise that may influence physical activity.  
Due to the previous focus on affect as a singular construct, most of these studies utilized 
a single-item measure, The Feelings Scale, assessed by asking “How do you feel right now?” on 
a bipolar scale of -5 to +5 (Hardy & Rejeski, 1989). While this scale is validated and used in a 
variety of physical activity studies, it lacks the depth to measure the potential range of internal 
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experiences that may impact physical activity. For example, pain may have a different 
relationship with physical activity than boredom, however these intricacies cannot be examined 
in a one-item bipolar scale of good versus bad feelings. Therefore further explorations of internal 
experiences during exercise as a determinant of future physical activity is warranted.  
Additionally, the majority of the current literature on internal experiences and physical 
activity has relied on self-reported physical activity, despite the well-established limitations of 
self-reported physical activity (Downs, Van Hoomissen, Lafrenz, & Julka, 2014; Dyrstad, 
Hansen, Holme, & Anderssen, 2014). Without objectively measured physical activity it is 
difficult to make definitive conclusions. Also, while most of the studies reviewed are with a 
sedentary sample, few report BMI and none are in the context of behavioral weight loss, which is 
the most common intervention for increasing physical activity in adults with overweight and 
obese BMIs. Adults with overweight and obese BMIs may experience physical activity 
differently, and therefore results from studies of adults with lower BMIs may not be relevant. 
Overall, there is promising preliminary evidence of a relationship between internal experiences 
and physical activity, however the measurement and methods in the studies to date ultimately 
limit the ability to model internal experience determinants of physical activity in people with 
overweight and obese BMIs.  
1.4 Acceptance-based Approaches to Physical Activity to Address Internal Experiences 
Despite the evidence that internal experiences influence physical activity, traditional 
models of physical activity behavior change do not adequately incorporate internal experience 
determinants of physical activity. These models, based on theories of reasoned action, planned 
behavior, and social cognitive theory, focus on self-efficacy, outcome expectancy, and self-
regulation (Ajzen, 1991; Bandura, 1986, 2004). Interventions based on these models foster 
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behavioral skills such as stimulus control and goal-setting. Internal experiences are only 
addressed in small components of interventions, by attempting to alter them (e.g., advice to 
choose enjoyable activities), and are not sufficiently addressed in the theoretical models. The 
variable response to interventions based on these models, and the evidence that affect and 
potentially other internal experiences influence physical activity, suggest that this approach to 
physical activity may be insufficient to engender behavior change.   
Alternatively, “third wave” behavioral therapies, such as those derived from Acceptance 
and Commitment Therapy (ACT), focus on ways of accepting internal experiences rather than 
controlling or overtly altering them (Hayes, Strosahl, & Wilson, 1999). ACT originated in 
relational frame theory, which states that human language and cognition is contextually related, 
through which we learn to arbitrarily relate events to create our own relational frame (Hayes, 
Luoma, Bond, Masuda, & Lillis, 2006; Hayes, Strosahl, & Wilson, 1999). The overarching goal 
of ACT is to increase psychological flexibility, the “ability to contact the present moment more 
fully as a conscious human being, and to change or persist in behavior when doing so serves 
valued ends” (Hayes et al., 2006).   
There are several core processes of ACT that function to increase psychological 
flexibility (Forman & Butryn, 2015; Hayes et al., 2006; Hayes et al., 1999). Core processes 
include acceptance, willingness, and tolerance of discomfort. Acceptance is the openness to 
experience uncomfortable internal experiences without trying to alter, avoid, suppress, or avoid 
them. Willingness is the ability to choose value-consistent behaviors when they are accompanied 
by uncomfortable internal experiences. In this context, tolerance of discomfort is the ability to 
tolerate uncomfortable internal experiences, instead of avoiding or attempting to dispel them. 
Additional ACT components that are key to intervention, but do not have validated measures, 
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include cognitive defusion, “being present,” values, and “self as content,” and “committed 
action.” 
Acceptance-based models may be a particularly appropriate fit for physical activity 
engagement. According to acceptance-based approaches, engagement in physical activity is 
difficult because it involves countering intrinsic drives to conserve energy (Forman & Butryn, 
2015). Countering these drives produces a multitude of uncomfortable internal experiences, 
ranging from physical discomfort to a loss of pleasure from not engaging in more enjoyed 
sedentary activity (Butryn, Forman, Hoffman, Shaw, & Juarascio, 2011; Butryn, Kerrigan, 
Arigo, Raggio, & Forman, 2016; Forman & Butryn, 2015). Acceptance-based skills are proposed 
to buffer against the potential negative effects of these uncomfortable internal experiences by 
uncoupling the aversive internal experience of physical activity from the behavior (Forman & 
Butryn, 2015). For example, if one plans to exercise in the morning they typically have to wake 
up earlier and spend less time sleeping or being sedentary. This loss of comfort, often 
accompanied by other internal experiences such as fatigue, does not create the optimal conditions 
for physical activity. Traditional interventions promote ways to alter those internal experiences, 
such as choosing an exercise that one enjoys. However, there is a high probability that some 
feelings of discomfort will remain, no matter how pleasurable the physical activity, because of 
the drive to conserve energy. Alternatively, with acceptance-based skills one can accept these 
internal experiences (i.e. not fighting them but accepting them, and even expecting them), 
practice willingness by exercising “even if” one experiences urges to remain sedentary, and 
tolerating the discomfort of countering those urges. Therefore one does not have to wait for the 
optimal circumstances for physical activity, when there are no uncomfortable internal 
experiences. Overall, these skills promote acceptance and tolerance of internal experiences, 
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rather than control or suppression, in order to prevent the uncomfortable internal experiences 
from dictating physical activity behavior.  
1.4.1 Efficacy of acceptance-based interventions for physical activity and weight control 
Interventions developed from acceptance-based models have equal or greater efficacy 
than usual care or cognitive behavioral therapy in a range of outcomes, including anxiety, 
depression, diabetes, smoking, and chronic pain (Bricker, Wyszynski, Comstock, & Heffner, 
2013; Gregg, Callaghan, Hayes, & Glenn-Lawson, 2007; Hernández-López, Luciano, Bricker, 
Roales-Nieto, & Montesinos, 2009; Jiménez, 2012; Wetherell et al., 2011, 2016). For example, a 
one day ACT workshop on diabetes management produced better diabetes self-care and better 
controlled diabetes at 3 months, compared to an educational workshop (Gregg et al., 2007). A 
web-based ACT intervention for smoking cessation produced more than double the quit rate at 3 
months compared to the usual care government website (Bricker et al., 2013). Additionally, a 
quasi-randomized group-based ACT treatment for smoking cessation produced more than double 
(30% vs. 13%) biologically verified quit rates at 12 months compared to a group based CBT 
treatment (Hernández-López et al., 2009). Therefore, this theoretical approach can successfully 
produce behavior change.  
Physical activity interventions based on the acceptance-based model described above 
show promising results. One pilot trial randomized young adult females to either a standard 
educational physical activity workshop or an acceptance-based physical activity workshop. The 
educational workshop was based off the American College of Sports Medicine guidelines, and 
consisted of information on injury, nutrition, safety, discussion of the benefits of and ideas for 
physical activity. The acceptance-based workshop promoted development of skills consistent 
with an ACT framework including acceptance, willingness, and mindfulness, through 
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experiential exercises. Each workshop was conducted in two 2-hour sessions over 4 weeks. 
Participants in the acceptance-based workshop increased their level of physical activity, 
objectively measured by visits to the gym, significantly more than the education group at post-
treatment (Butryn et al., 2011). While these differences were only marginally significant at 
follow-up, the results do show promise given the brief nature of the intervention.  
Another pilot study tested the efficacy of an acceptance-based intervention to promote 
MVPA in participants who had recently lost weight. Behavioral and acceptance-based techniques 
for physical activity promotion and weight loss maintenance were conveyed in 12, 75-minute 
groups of 6-10 participants across 12 weeks. There was a 69% increase in objectively measured 
physical activity, which yielded a large effect size, at the end of the intervention (Butryn et al., 
2016). While both of these pilot studies are short term, and one is without a control group, they 
do show potential for an ACT-based intervention for physical activity. 
 There is also promising evidence for acceptance-based interventions for weight loss and 
weight loss maintenance. In a large RCT comparing standard behavioral treatment (SBT) to an 
acceptance-based behavioral treatment (ABT), at 12 months participants who received the ABT 
intervention lost significantly more weight compared to those who received SBT (13.3% vs. 
9.8%) (Forman et al., 2016). Additionally, participants in the ABT intervention were more likely 
to maintain a 10% weight loss at 12 months (64% vs. 48.9%). In another study comparing an 
acceptance-based intervention to SBT, mean weight loss across interventions at 24 months was 
equivalent, however those in the acceptance-based intervention regained less weight from the 
end of treatment to 24 months (4.6 vs. 7.1 kg) and a significantly higher proportion of 
participants in the acceptance-based intervention achieved a 5% weight loss at 24 months (Lillis 
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et al., 2016). Overall these results indicate that acceptance-based interventions aid in the 
maintenance of weight control behaviors broadly, which include physical activity. 
1.4.2 The gap between acceptance-based theory and intervention in physical activity 
While interventions based on acceptance-based models suggest this theoretical approach 
aids in behavior change, no study to date has specifically tested the proposed effects of the 
acceptance-based psychological processes on internal experiences during physical activity. In 
this model, acceptance, willingness, and tolerance of discomfort supposedly buffer against the 
potential negative effects of internal experiences by uncoupling them from behavior; 
experiencing a negative internal experience during physical activity does not need to dictate 
cessation of the behavior as a traditional operant conditioning model would suggest. The 
acceptance-based psychological processes theoretically aid in accepting the uncomfortable 
internal experiences, and tolerating the discomfort of them, while practicing willingness and 
continuing to engage in physical activity (Figure 1). Interventions based on this model, which 
incorporate these skills, show preliminary efficacy. However, moderation analyses are necessary 
to test if the theory functions as proposed. These analyses would inform optimization of future 
physical activity models and interventions, ultimately increasing uptake of a vital health behavior 
for people with overweight and obese BMIs. 
1.5 Proposed study 
The proposed study seeks to fill critical gaps in the literature on the relationship between 
internal experiences and physical activity in people with overweight or obese BMIs, and the role 
acceptance-based psychological processes may play in that relationship. First, this study aims to 
explore the relationship between internal experiences and physical activity in people with 
overweight and obese BMIs with a range of internal experiences and objectively measured 
INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  11 
physical activity. Limitations in the extant literature include reliance on a single item measure of 
affect, self-reported physical activity, and research on people with BMIs in the normal weight 
range, all of which currently limit conclusions about the relationship between internal 
experiences and physical activity in people with overweight/obese BMIs. If proposed hypotheses 
are supported, results would demonstrate that this critical barrier should be better incorporated 
into behavior change models for physical activity. Second, this study aims to test the interaction 
effects of acceptance-based psychological processes and internal experiences on physical 
activity. While interventions based on this model suggest this theoretical approach aids in 
behavior change, no study to date has tested the proposed buffering effects of the acceptance-
based psychological processes on internal experiences in physical activity (Figure 1).  
1.6 Aims and Hypotheses 
Specific Aim 1: To test the hypothesis that there will be a relationship between internal 
experiences and physical activity. Hypothesis 1: There will be an inverse relationship between 
negative internal experiences and immediate physical activity, current physical activity, and 
future physical activity (see Table 1).  
Specific Aim 2: To test the hypothesis that acceptance-based psychological processes 
will moderate the effects of subjective internal experiences on physical activity (Figure 1). 
Hypothesis 2: There will be a significant interaction between internal experiences and 
acceptance-based psychological process in predicting physical activity, such that among those 
with high negative internal experiences, physical activity will be higher at higher levels of 
acceptance-based psychological processes, and lower at lower levels of acceptance-based 
psychological processes. Otherwise stated, the effect of internal experiences on physical activity 
will depend on the level of acceptance-based psychological processes.  
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CHAPTER 2: METHODS 
2.1 Participants and Enrollment Process 
Participants were 320 adults enrolled in R01DK100345, a large trial of behavioral weight 
loss. Inclusion criteria for the parent study included: BMI between 27 and 45 kg/m2 (as 
confirmed by assessor at initial visit), age 18-70, ability to walk a half mile without a 
cane/walker, clearance from a physician, intention to stay in the Philadelphia area for the next 3 
years, and ability and willing to give consent. Exclusion criteria for the parent study included: 
pregnant, lactating, or planning to be pregnant in the next 3 years, taking insulin, a previous 
participant in an acceptance-based weight loss study at Drexel, having a first-degree family 
member or household member participating in the study, lost more than 5% of body weight in 
the previous 6 months, or a history of weight loss surgery. The screening processes for 
R01DK100345 included a phone screen, orientation visit, and a visit for eligibility with a 
clinician (prior to baseline assessment). Other exclusion criteria assessed by a clinician at the 
screening visit included a history of an eating disorder or other psychiatric disorder that would 
impair participation in the program, or on medications that effect weight/weight loss. The 
clinician also assessed barriers to participation such as stressful life events. The results of these 
screening visits were discussed at weekly consensus meetings. The consent form for the parent 
study was signed by the participant and an assessor at the baseline appointment prior to 
beginning any tasks for the proposed study. 
2.2 Procedure 
 All participants completed a baseline assessment, at which all measures of internal 
experiences and acceptance-base psychological processes were collected. Internal experiences 
were collected during a brisk walk on a treadmill, for which participants were instructed: “Next I 
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will ask you to walk ½ of a mile on a treadmill at a brisk pace. This is a measure of physical 
fitness, so please push yourself to walk as quickly as you can. You will be asked to do this every 
6 months so that we can learn more about how fitness changes over time.” Participants were then 
given a brief warm-up period (less than 1 minute) before the timed ½ mile began. If participants 
ran they were instructed to stop and walk. Of note, the ½ mile walk time average at baseline was 
562.47 (SD=123.50) seconds. After baseline, all participants after entered a six-month standard 
behavioral weight loss treatment (SBT). During SBT, they were provided with a physical activity 
prescription that gradually increased to 250 minutes per week of MVPA. This study proposed to 
focus on a sample naïve to acceptance-based interventions to avoid treatment manipulation and 
naturalistically test the model.  
2.3 Measures (Table 1) 
Physical activity. Accelerometer. Well-validated research-grade Acti-Graph GT3X tri-
axial solid-state accelerometers were worn at baseline (current physical activity) and six months 
(future physical activity) and measured total minutes per week of bouted moderate to vigorous 
physical activity (MVPA) using established cut-points (Bouten, Westerterp, Verduin, & Janssen, 
1994; Troiano et al., 2008; Ward, Evenson, Vaughn, Rodgers, & Troiano, 2005). The device was 
worn on an elastic band on the non-dominant hip during all waking hours, except when bathing 
or swimming (the device was not waterproof). Participants were instructed to wear the device for 
7 days, however those who wore the device for a minimum of 8 hours a day for 4 days were 
included in analyses. Data were extracted using the most up to date version of ActiLife software.  
 “Choice Task.” The Choice task was a behavioral measure of immediate physical 
activity persistence that occurred at the end of the ½ -mile treadmill walk at baseline, when 
participants were instructed by an assessor: “Now I need to download your heart rate monitor 
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data which will take about 5 minutes. While I do that, you can either continue to walk or rest in 
this chair.” The assessor then pretended to download results from the heart rate monitor, and 
recorded participant choice to walk or sit. This task has not been used previously and validity 
data are not available.  
Subjective internal experiences. FALTAQ-based ratings. Internal experience ratings 
were collected at the halfway point of the ½ mile brisk walk (i.e. ¼ mile) during the baseline 
assessment. During the walk, the participants were informed when they reached ¼ of a mile, and 
subsequently the subjective internal experience ratings were assessed by asking the participant to 
rate “How are you feeling right now?”  on 0 to 100 scales for the following: exhausted to 
energetic, weak to strong, bored to enthusiastic, irritable to content, and in great pain to no pain 
at all. These scales were adapted from similar measures in the field (for example Hyde, Conroy, 
Pincus, & Ram, 2011), although this version is not fully validated. In this study, this measure 
showed high levels of internal validity (Cronbach’s alpha =0.80).  
Rating of Perceived Exertion (Borg) scale. The Borg scale is a one-item measurement of 
perceived exertion collected at the ¼ mile mark of the ½ mile brisk walk at baseline that was 
evaluated by asking a participant how heavy and strenuous the exercise feels to them, including 
all sensations of physical stress, effort, and fatigue (Borg, 1982; Chen, Fan, & Moe, 2002). The 
Borg ranges from 6 – 20, higher scores indicate higher perceived exertion. The scale corresponds 
with heart rate by adding a zero to the score (i.e. a perceived exertion rating of 8 corresponds to a 
heart rate of approximately 80). This scale was included as a measure of internal experience in 
this study because it is the participants’ rating of their own perceived exertion at the time, and 
therefore falls under the larger construct of a perceived internal experiences. Of note, it has been 
validated in a population of adults with Type II diabetes (Rosales et al., 2016).  
INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  15 
Feeling Scale. Ratings on the Feeling Scale were collected for a select set of participants 
(n=62) at an assessment 1 year after treatment start, as a post-hoc measure to give context to 
other results. Participants were asked to rate “How do you feel right now?” on a -5 to +5 bipolar 
scale at the ¼ mile mark during a ½ mile treadmill walk (which had the same procedures as 
detailed above). The Feeling Scale has been shown to be sensitive to changes in exercise 
intensity in adolescents, however its psychometric properties have not been fully validated in 
participants with overweight or obese BMIs (Sheppard & Parfitt, 2008).  
Acceptance-based Psychological Processes. Physical Activity Acceptance 
Questionnaire (PAAQ). The PAAQ is a ten-item self-report measure of physical activity-related 
cognitive acceptance and behavioral commitment (willingness) that was collected at baseline. 
Participants rated their agreement to statements such as “It is okay to experience discomfort 
(e.g., fatigue, boredom, sweating) while I am exercising,” (Willingness) and “If I have the 
thought ‘exercising today won't be enjoyable’ it derails me from my exercise plan” (Acceptance). 
Previous factor analysis revealed two subscales that correspond with these constructs (PAAQ 
Acceptance and PAAQ Willingness) (Butryn et al., 2015). The PAAQ, when divided into its 
subscales, demonstrated high levels of internal validity in this sample (Cronbach’s alpha of the 
cognitive acceptance subscale = 0.85; behavioral commitment subscale = 0.80). In previous 
studies the PAAQ has also shown high levels of external validity with other acceptance-based 
psychological processes and accelerometer verified levels of MVPA in people with overweight 
and obese BMIs, and high test-re-test reliability (Butryn et al., 2015). 
Acceptance and Action Questionnaire (AAQ-II). The AAQ is a seven-item self-report 
measure of general psychological acceptance and flexibility, experiential avoidance, and 
behavioral adjustment in response to the acceptance, and is cited as the most widely used 
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measure of psychological acceptance (Bond et al., 2011; Hayes et al., 2006). At baseline 
participants rated agreement with statements on a seven-point Likert scale (1=never true to 
7=always true), with higher scores indicating greater psychological flexibility. The AAQ-II 
showed high internal consistency in this sample (Cronbach’s alpha = 0.93), and in previous 
studied has demonstrated high test-retest reliability at 12 months (0.79).  
Discomfort Intolerance Scale (DIS). The DIS was collected at baseline and is a five-item 
valid and reliable self-report measurement of avoidance of and difficulty tolerating 
uncomfortable sensations (Schmidt, Richey, & Fitzpatrick, 2006). The original validation study 
demonstrated two factors, however several studies have demonstrated a single factor structure; in 
this sample, the same two factor structure from the original validation study was supported 
(Factor 1: ability to tolerate discomfort and pain, Cronbach’s alpha = 0.89; Factor 2: avoidance 
of physical discomfort Cronbach’s alpha = 0.74) (Schmidt, Richey, & Fitzpatrick, 2006). Past 
studies have shown moderate test-retest reliability at 12 weeks in a clinical sample with panic 
disorder (Factor 1 = 0.63; Factor 2 = 0.66).  
2.4 Data Analysis 
 SPSS version 24 (IBM Corp, Armonk, NY, 2016) and R version 0.99. 879 (RStudio 
Team, 2015) (containing the cplm package for Poisson distributions; due to the non-linear nature 
of the physical activity data) were used for statistical analyses. All data were examined prior to 
analyses to test assumptions, and appropriate corrections made if necessary. Covariates included 
age, gender, BMI at baseline assessment, and baseline physical activity level (when predicting 
future physical activity). 
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1.4.1 Statistical Analysis 
Hypothesis 1. The hypothesis that there was an inverse relationship between negative 
internal experiences and physical activity was evaluated using compound poisson generalized 
linear models and logistic regressions. For the compound poisson generalized linear models, the 
independent variable was each internal experience and the dependent variables were current 
(baseline) and future (six month) MVPA. The logistic regression tested the relationship between 
internal experiences and immediate physical activity, with the independent variable as the 
internal experiences and the dependent variable as the dichotomous outcome of the Choice Task.  
 Hypothesis 2. The hypothesis that acceptance-based psychological processes moderated 
the relationship between internal experiences and physical activity was evaluated with compound 
poisson generalized linear models and logistic regressions. For each regression, the independent 
variable was the internal experiences. The moderators were the acceptance-based psychological 
measures: PAAQ acceptance, PAAQ willingness, AAQ, and DIS intolerance, and DIS 
avoidance. The relationship between the internal experiences and each acceptance-based 
psychological processes was tested individually to predict 1) immediate physical activity, with a 
logistic regression to predict the dichotomous outcome of the Choice Task, 2) current physical 
activity, with a compound poisson generalized linear model to predict baseline MVPA, and 3) 
future physical activity, with a compound poisson generalized linear model to predict six-month 
MVPA. 
2.4.2 Power analysis 
Power analyses were conducted using G*Power. For the moderation analyses, with a 
sample size of 320, expected power is 0.99 to detect an effect size of 0.20 with alpha set at 0.05. 
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2.5 Ethical Issues 
All study activities and measurements were submitted to and approved by the Drexel 
Institutional Review Board. All analyses were conducted with de-identified data. All consent 
forms and original data were collected and stored in locked filing cabinets. Any unforeseen risks 
were immediately reported to the Drexel University Office of Research Compliance.  
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CHAPTER 3: RESULTS 
 
3.1 Descriptive Data 
 Participants were middle-aged (53.6 years, SD=10.7), mostly white (70.4%), with an 
average BMI in the obese range (35.1 kg/m2, SD=4.8). At baseline participants performed 58.6 
minutes (SD=83.8) of MVPA per week, and increased to 134.9 minutes (SD=122.0) per week of 
MVPA at the six-month assessment. In the Choice Task at baseline, 30.5% (n=95) of participants 
walked. Descriptive data of other key variables can be found in Table 2. 
3.2 Factor Analyses 
  
A principal axis factor analysis was conducted to examine how the acceptance and 
willingness measures should be grouped for analyses. The items of the PAAQ and AAQ were 
included (17 items total) and oblique rotation (direct oblimin) was used. The Kaiser–Meyer–
Olkin measure verified the sampling adequacy for the analysis, KMO = .87 (‘meritorious’ 
according to Hutcheson & Sofroniou, 1999). An initial analysis was run to obtain eigenvalues for 
each factor in the data. Three factors had eigenvalues over Kaiser’s criterion of 1 and in 
combination explained 64.5% of the variance. The scree plot showed inflexions that justified 
retaining 3 factors. The items that clustered on three factors were aligned with the proposed 
subscales of the PAAQ and AAQ (Factor 1: AAQ, Factor 2: PAAQ Willingness, Factor 3: 
PAAQ Acceptance; see Table 3 for rotated factor loadings). Therefore, three measures were used 
for acceptance (PAAQ acceptance and AAQ) and willingness (PAAQ Willingness). Inclusion of 
the DIS did not yield a coherent factor structure and therefore it was used separately. 
 Of note, a factor analysis of the internal experiences at baseline was attempted, however 
no coherent factor structure emerged.   
3.3 Specific Aim 1 Results 
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 Compound poisson generalized linear models examined whether models containing age, 
gender, baseline BMI, the internal experience predicted physical activity (see Table 1 for each 
type of internal experience and physical activity; see Table 4 for a correlation matrix with 
Pearson correlations). When testing the model to predict physical activity at six months, baseline 
physical activity was also included as a covariate. Logistic regressions with the same predictors 
and co-variates were utilized when examining the dichotomous outcome of the Choice Task.  
The level of exhausted to energetic at mid-walk significantly predicted baseline MVPA, 
such that those who reported higher energetic scores engaged in greater MVPA at baseline when 
controlling for age, gender, and BMI, b= 0.01, t(306) = 2.30, p < .05. The model containing age, 
gender, BMI, and mid-walk exhausted to energetic rating yielded an AIC of 2510.8, which is 
lower than the AIC of a model without the mid-walk rating of exhausted to energetic, indicating 
that the model containing the rating was a better fit to the data (Mazerolle, 2004). The level of 
exhausted to energetic did not significantly predict the outcome of the Choice Task or MVPA at 
six months (all p’s>0.05).  
Ratings of weak to strong at mid-walk also significantly predicted baseline MVPA when 
controlling for age, gender, and BMI, such that those who reported greater strength engaged in 
higher amounts of concurrent of MVPA, b= 0.01 t(306) = 2.43, p < .05. The model containing 
age, gender, BMI, and weak to strong rating yielded an AIC of 2509.7, which was lower than the 
AIC of a model without the weak to strong rating, indicating that the model including the weak 
to strong rating was a better fit to the data. The weak to strong rating did not significantly predict 
the outcome of the Choice Task or MVPA at six months (all p’s>0.05). 
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The ratings of bored to enthusiastic, irritable to content, of great pain to no pain, nor the 
ratings of perceived exertion significantly predicted the outcome of the Choice Task or MVPA at 
baseline or six months (all p’s>0.05).  
3.4 Specific Aim 2 Results 
 Compound poisson generalized linear models examined whether models containing age, 
gender, baseline BMI, internal experience, acceptance-based psychological measure, and the 
interaction of the internal experience and the acceptance-based psychological measure predicted 
physical activity (see Table 1 for each type of internal experience, physical activity, and 
acceptance-based psychological measure; see Tables 5 and 6 for correlation matrices). When 
testing the model to predict physical activity at six months, baseline physical activity was also 
included as a covariate. Logistic regressions with the same predictors and co-variates were 
utilized to examine the dichotomous outcome of the Choice Task. Tables detailing the mean and 
median of MVPA at the quartiles or internal experiences and acceptance-based psychological 
constructs were examined for clinical significance.  
The relationship between the rating of weak to strong and MVPA at baseline was 
significantly moderated by the level of DIS Intolerance (pooled b= 0.003, F(1, 296)=2.12, p < 
.05), DIS Avoidance (pooled b= -0.003, F(1, 296)=-2.58, p < .05), and PAAQ Acceptance 
(pooled b = 0.001, F(1, 285)=2.25, p < .05). For the moderation by discomfort intolerance, 
results were in line with hypotheses such that among participants with higher ratings of 
weakness, those with lower discomfort intolerance (greater tolerance of discomfort) performed 
higher amounts of MVPA, as compared to those with high discomfort intolerance (less tolerance 
of discomfort) who performed lower amounts of MVPA (Figure 2). In participants with higher 
ratings of strength, those with greater discomfort tolerance performed lower amounts of MVPA 
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as compared to those with lower discomfort tolerance who performed greater amounts of MVPA. 
In Table 7, it can be seen that there is overall a larger effect of discomfort intolerance in 
individuals with higher ratings of strength, as there is a larger range in MVPA between low and 
high discomfort intolerance among individuals with higher ratings of strength.  
Avoidance of discomfort moderated the relationship between the rating of weak to strong 
and MVPA at baseline (Figure 3). Opposite to hypotheses, among participants with higher 
ratings of weakness, those with higher discomfort avoidance performed slightly greater amounts 
of MVPA, and those with lower discomfort avoidance performed slightly lower amounts of 
MVPA. However, as seen in the non-mean centered averages, the difference in average MVPA 
between these groups is approximately 5 minutes/week and therefore lacks clinical significance 
(Table 8). Among participants with greater ratings of strength, those with lower distress 
avoidance performed greater amounts of MVPA, and those with higher distress avoidance 
performed lower amounts of MVPA. Overall, participants with higher ratings of strength 
engaged in higher amounts of MVPA, regardless of level of discomfort avoidance (Table 8).  
PAAQ Acceptance moderated the relationship between the rating of weak to strong and 
MVPA in the expected direction, such that at greater ratings of weakness the level of PAAQ 
Acceptance had a stronger relationship with MVPA than at greater ratings of strength (Figure 4, 
Table 9). However, the relationship at greater ratings of weakness was in the opposite direction 
than hypothesized, such that MVPA was lower among participants with greater ratings of 
weakness and higher levels of PAAQ Acceptance, and lower among participants with greater 
ratings of weakness and lower levels of PAAQ Acceptance. In participants with higher ratings of 
strength, the amounts of MVPA converged, however those with low levels of PAAQ Acceptance 
were still performing a greater amount of MVPA. The relationships between the rating of weak 
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to strong and the outcome of the Choice Task or MVPA at six months were not significantly 
moderated by any acceptance-based psychological measures (all p’s>0.05).  
The relationship between the Borg rating (rating of perceived intensity) and MVPA at 
baseline was significantly moderated by the level of discomfort intolerance, pooled b = -0.034, 
F(1, 296)=-2.91, p < .01 (Figure 5, Table 10). Contrary to hypotheses, there was a larger effect 
of discomfort intolerance on participants with lower ratings of perceived exertion, instead of in 
participants with higher ratings of perceived exertion. Among participants with lower ratings of 
perceived exertion, those with less tolerance of discomfort performed a greater amount of MVPA 
as compared to those with greater tolerance of discomfort who performed a lower amount of 
MVPA at baseline. Of note, among participants with higher ratings of weakness, those with 
higher amounts of distress tolerance performed greater amounts of MVPA than those with lower 
amounts of distress tolerance, as expected. The relationships between the Borg rating and MVPA 
at six months and the Choice task were not significantly moderated by any acceptance-based 
psychological measures (all p’s>0.05).  
The relationships between the other internal experiences tested (exhausted to energetic, 
bored to enthusiastic, irritable to content, and great pain to no pain) and any measurement of 
physical activity were not significantly moderated by any acceptance-based psychological 
measures (all p’s>0.05). 
 
3.5 Post-hoc Exploratory Results 
 
 A post-hoc exploratory analyses was conducted to explore the relationship between the 
Feeling Scale, a widely validated measure of affect, and the internal experience ratings used in 
this study. The Feeling Scale was not available at baseline for primary analyses, but was instead 
available one year after treatment. At this time point, the Feeling Scale was significantly 
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positively correlated with each portion of the subjective internal experience ratings (see Table 7). 
The Feeling Scale was not significantly correlated with bouted MVPA at the same assessment 
point (r=170, p=0.24).  
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CHAPTER 4: DISCUSSION 
 
4.1 Summary of Results 
 
 This study sought to test the relationship between internal experiences and physical 
activity, and the proposed moderation of that relationship by acceptance-based psychological 
processes. To examine the relationship between internal experiences and physical activity, 
measurements of internal experiences were taken during an instance of exercise, and tested in a 
model to predict several types of physical activity. Higher ratings of energetic and strength were 
both positively associated with concurrent MVPA, prior to any intervention. No internal 
experience rating at the start of the study predicted any physical activity at six months, after 
initial behavioral weight loss treatment.  
To examine the moderation of the relationship between internal experiences and physical 
activity by acceptance-based psychological processes, the same model as described above was 
tested with the addition of the acceptance-based psychological processes and the interaction 
between the internal experiences and the acceptance-based psychological processes. Results 
were mixed. Overall, the acceptance-based psychological processes seemed to have a larger 
effect on more positive internal experiences (contrary to hypotheses). No model predicted 
physical activity at six months. Explanations for these results, including limitations in the 
method of eliciting internal experiences, measurement of internal experiences, and measurement 
of acceptance-based psychological processes, are discussed below.  
4.2 Discussion of Results and Implications 
The results from examining the relationship between internal experiences and physical 
activity are partially consistent with previous literature. While a few mid-exercise internal 
experiences were associated with concurrently measured physical activity, none were a predictor 
INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  26 
of physical activity six months later. This is the first examination of internal experience ratings in 
people with overweight and obese BMIs during standard behavioral treatment with an objective 
measurement of physical activity six months after initial assessment. Previous literature has 
primarily focused on affect, despite noted weaknesses in affect measurement (Ekkekakis & 
Petruzzello, 1999, 2000; Gauvin & Rejeski, 1993; W. J. Rejeski, Hardy, & Shaw, 1991). This 
study attempted to include affect under the broader conceptual umbrella of internal experiences, 
which also includes cognitions, urges, and physiological sensations. While this study did not 
capture the full range of potential internal experiences that may alter physical activity, it did 
measure a broader range than previous research. With this broader range of internal experiences, 
this study demonstrated that different internal experiences can have different relationships with 
physical activity, which was not apparent in the previous literature with a single item 
measurement. The ratings of exhausted to energetic and weak to strong were associated with 
concurrent MVPA, while the ratings of bored to enthusiastic, irritable to content, great pain to no 
pain, and perceived exertion did not show any relationship with concurrent MVPA or other types 
of physical activity. This would suggest that the ratings of exhausted to energetic and weak to 
strong are the most salient to concurrent MVPA, and perhaps these internal experiences could be 
targeted in interventions that attempt to alter the experience of physical activity. Surprisingly, the 
most negatively rated internal experience during the walk task, bored to enthusiastic, did not 
predict any type of physical activity. The rating of perceived exertion was included here under 
the broader construct of internal experiences, and this lack of relationship does indicate that 
different types of internal experience may have different relationships with physical activity.  
A potential reason for the lack of evidence of a relationship between internal experiences 
and future physical activity is limitations in the internal experience measurement. The internal 
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experience measure was based off of validated scales, and had sufficient internal consistency, 
however its psychometric properties have not been fully evaluated. Also, the specific items of the 
internal experiences may not accurately capture the internal experiences during physical activity, 
or the measure may be missing aspects of internal experiences that are most important; for 
example, people may experience a non-specific urge to stop or engage in a more sedentary 
behavior, which is not captured in this internal experience measurement. While this measure of 
internal experiences includes a broader range of constructs than prior research, which focused on 
the one-item Feeling Scale, there is still additional research needed on the specific internal 
experiences present during physical activity, and how to measure those internal experiences.  
Another potential explanation for these null results is that the treadmill task during which 
the internal experience ratings were elicited was too artificial to produce the internal experiences 
that are present during typical physical activity. In this study, the treadmill task was a short 
distance, a half mile, which would not meet the requirements for most individuals for a full bout 
of exercise (10 minutes). There were many unique aspects of this task that are not present in 
typical exercise, such as an assessor present, the inability to jog or run if desired, and a set 
distance imposed by an outside party. These aspects may have rendered the task less aversive, 
evidenced by the overall lack of negative internal experience ratings. These constraints in the 
treadmill task may have altered the internal experience ratings, thus affecting the relationships 
measured in this study.   
Another potential reason for this study showing a different relationship between internal 
experiences and future physical activity from the previous literature is that most of the previous 
literature focused on the relationship between affect and physical activity in sedentary people; a 
few do note BMI, although most are in a sample with an overweight BMI, and the one study with 
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a sample with a BMI in the obese range had a small sample and also did not use an objective 
measurement of physical activity (Focht, Rejeski, Ambrosius, Katula, & Messier, 2005; Rhodes 
& Kates, 2015; Williams, 2008; Williams et al., 2012). Physical activity can be a different 
experience for people with higher BMIs, and may be more uncomfortable due to excess weight. 
Also unique to this study, participants underwent standard behavioral treatment (SBT) following 
baseline. In SBT, powerful components of treatment are introduced in the first six months, and 
include many external motivators to engage in physical activity (e.g., accountability from group 
members, potential shame for reporting lower physical activity in group, expectations that 
physical activity will help with weight control) that may overpower the relationship between 
internal experiences and physical activity. The internal experiences that one experienced at 
baseline of SBT during exercise probably change over the course of weight loss, due to factors 
from SBT and from weight loss itself. Future research could test this hypothesis with an 
examination of internal experiences and physical activity during maintenance or follow-up 
periods, when meetings are less frequent and motivating components of treatment less salient. If 
the proposed relationship between internal experiences and physical activity re-emerged, then 
that would indicate that these internal experiences require additional attention in SBT, potentially 
by incorporating acceptance-based techniques.  
These results may also differ from previous literature because of accuracy of physical 
activity measurement. Almost all of the previous research on the relationship between affect and 
physical activity utilized self-report physical activity or self-reported intention to engage in 
physical activity in the future (Rhodes & Kates, 2015). Both of those measurements are subject 
to participant bias in reporting, which may have skewed results. Therefore, while the findings in 
this study are inconsistent with the literature that internal experience during one instance of 
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exercise can predict future physical activity, the sample and methods of this study are different 
than the previous literature.  
An aspect of these results consistent with previous literature is the variability in the 
ratings of internal experiences. In this study, the standard deviations of the internal experience 
ratings were 20-30, which is over a quarter of the 100-point scale. This variability was also noted 
in other physical activity internal experience/affect scales (McAuley & Courneya, 1992; Rejeski, 
1994; Rejeski & Thompson, 1993). This pattern of variability suggests that there may be certain 
phenotypes of individuals that respond differently to physical activity, and those phenotypes 
should be further examined.  
In sum, the first aim of this study tested the relationship between internal experiences and 
physical activity in people with overweight or obese BMIs. The ratings of exhausted to energetic 
and weak to strong during an instance of exercise were associated with concurrent MVPA, 
however contrary to previous literature no internal experience at baseline predicted physical 
activity in the future. This demonstrated that different internal experiences may have different 
relationships with concurrent objectively measured physical activity in people with overweight 
or obese BMIs. Potential explanations for the lack of evidence for a relationship between 
baseline internal experiences and future physical activity include limitations in the methods of 
eliciting the internal experiences, the measurement of the internal experiences, and the potent 
components of behavioral weight loss treatment.     
 The second specific aim tested the effects of acceptance-based psychological processes 
on the relationship between internal experiences and physical activity. It was hypothesized that 
the acceptance-based psychological processes would moderate this relationship, such that among 
participants with higher levels of negative internal experiences, those also with higher levels of 
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the acceptance-based psychological construct would perform a higher amount of physical 
activity than those also with higher levels of negative internal experiences but with lower levels 
of the acceptance-based psychological construct. Theoretically, this effect should not be present 
at higher levels of positive internal experiences, because prior literature has shown that greater 
positive internal experiences predict higher physical activity in general. Aspects of several 
models were in line with hypotheses, however no model was entirely in line with hypotheses, 
and none of the models significantly predicted MVPA at six months.  
In line with hypotheses, at baseline in participants who had higher ratings of weakness 
and perceived exertion, those with higher amounts of discomfort tolerance performed greater 
amounts of MVPA as compared to those with lower distress tolerance (Figure 2, Table 7 and 
Figure 5, Table 10). This demonstrates the potential buffering effects that discomfort tolerance 
can have; in individuals with higher discomfort tolerance, the feelings of greater weakness 
during exercise did not deter them from engaging in greater amounts of overall MVPA. A 
smoking cessation intervention demonstrated that self-reported discomfort intolerance can be 
increased during an intervention; given that previous evidence and the results of this study, 
discomfort tolerance is a malleable construct that may be an important target to address in 
interventions for physical activity promotion (Farris et al., 2016).   
However, in the other two significant models, results were contrary to hypotheses at 
negative internal experiences. In participants with greater ratings of weakness, those with higher 
discomfort avoidance performed slightly more MVPA than those with lower discomfort 
avoidance; however, the difference in average MVPA between these two groups is small 
(approximately 5 minutes/week) (Figure 3, Table 8). Additionally the range in those with greater 
ratings of strength is more notable, to be discussed below. Therefore, there seems to be little 
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effect of discomfort avoidance on participants with greater ratings of weakness, contrary to 
hypotheses.  
Of note, in these models and throughout models with the discomfort intolerance scale 
(DIS), the sub-scales demonstrated different results. The extant literature has utilized both a total 
score for the DIS and sub-scale scores; however, in this sample two factors emerged, and the 
results demonstrating different results for each sub-scale support a two-factor model of 
discomfort intolerance (Buckner, Keough, & Schmidt, 2007; Butryn et al., 2015; Luberto, Carle, 
& McLeish, 2013; Schmidt, Richey, Cromer, & Buckner, 2007; Schmidt et al., 2006). In the 
validation for the PAAQ, the measure of physical activity specific willingness/acceptance, the 
DIS scale total was utilized and no correlation was found between the two (Butryn et al., 2015). 
There is also evidence that the discomfort intolerance construct may be different across different 
behaviors; therefore, while general physical and somatic discomfort intolerance did moderate 
some of the relationships between internal experiences and physical activity, these results should 
be interpreted with caution as the measure of discomfort intolerance in this study is not physical 
activity specific (Bonn-Miller, Zvolensky, & Bernstein, 2009; McHugh & Otto, 2011).  
In participants with lower ratings of weakness, those with lower amounts of physical 
activity related acceptance performed greater amounts of MVPA, as compared to those with 
higher amounts of acceptance (Figure 4). This model was in line with hypotheses, in that the 
effect of acceptance was larger at more negative internal experiences, however the effect at the 
negative internal experience was in the opposite direction from expected. Acceptance is 
hypothesized to buffer against the effect that negative internal experiences can have on physical 
activity, however these results demonstrate that those who felt weaker and had less acceptance 
were engaging in higher amounts of MVPA. Perhaps in a sample naïve to acceptance-based 
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psychological processes this measure did not capture acceptance, but instead measured greater 
awareness of the negative aspects of physical activity. Awareness is part of acceptance, and if 
participants did not utilize acceptance, then the acceptance may have been proxy for awareness. 
Higher awareness of an internal experience, particularly of weakness, may not be helpful without 
the skills to cope with the higher awareness. In studies examining emotion differentiation, which 
is one’s ability to identify and label discrete emotional experiences, there was a moderating 
effect of emotion differentiation between internal experiences and maladaptive behaviors, 
including eating disorder behaviors (Kashdan, Ferssizidis, Collins, & Muraven, 2010; Pond et 
al., 2012; Selby et al., 2014). While emotion identification is part of emotion differentiation, the 
labeling of emotions furthers the effects of this technique and allows participants to decouple 
from their internal experiences. However, in those studies participants were activity engaging in 
interventions, whereas in this study participants were naïve to acceptance-based psychological 
processes and were not instructed to use any strategies to engage in physical activity. Future 
research should separate the constructs of internal experience awareness, identification, and 
acceptance with multiple measurements to elucidate the relationship between weakness, 
acceptance, and physical activity in people with overweight or obese BMIs.  
While the pattern of results at negative internal experiences was mixed, the pattern of 
results at positive internal experiences was more consistent. In three out of the four models 
(Figures 2, 4, and 5) among participants with higher positive internal experiences, those with 
lower amounts of the acceptance-based psychological process (discomfort tolerance and 
acceptance) performed more physical activity as compared to those with higher amounts of 
acceptance-based psychological process. These results demonstrate that an innate level of 
acceptance-based psychological skills may not be enough to engage in physical activity, and 
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additional, potentially behavioral, skills are needed in an intervention to complement 
psychological skills.  
Overall, most of the models demonstrated that the acceptance-based psychological 
process had a larger effect on those with positive internal experiences. It was hypothesized that 
the effect of the acceptance-based psychological processes would be smaller at positive internal 
experiences, as the extant literature supports that those who experience physical activity as more 
positive engage in more physical activity. However, given the results of the current study, there 
may be individual differences in reactions to the positive internal experiences during activity; 
potentially for some individuals regardless of how enjoyable an instance of exercise is, it is still 
not as enjoyable as a preferred sedentary activity. Additionally, potentially in those with negative 
internal experiences the overall experience is too aversive or distracting to engage in any 
psychological skills that would support physical activity. This would suggest that it may be 
important to manipulate both the affective experience of physical activity and also provide 
supplemental skills to engage in physical activity. The extant literature suggests that alteration of 
affect is not enough to provide long-term increases in physical activity, however perhaps 
engaging in acceptance-based skills alone is also not enough (Schneider et al., 2017). An 
intervention that increases the positive affective experience during physical activity, thus 
increasing the opportunity to engage in skills to help increase physical activity, and then 
subsequently teaches acceptance-based skills, may provide a combination that encourages long-
term engagement in physical activity.  
 Also of note, as seen in Table 5, many of the acceptance-based psychological processes 
correlate with the internal experiences. Greater discomfort tolerance, lower discomfort 
avoidance, and greater physical activity specific willingness were positively associated with 
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positive internal experiences. These results support the above suggestion, that perhaps when 
physical activity is more enjoyable, one is able to employ and engage in skills to further support 
that physical activity. Additionally, while causality cannot be established in this context, there 
may be phenotypes of people who innately have higher amounts of acceptance-based skills, 
which then may make physical activity more enjoyable. Future research should work to elucidate 
the directional relationships between acceptance-based psychological processes and internal 
experiences to further investigate this model. Also seen in the correlations in Table 5, physical 
activity acceptance was negatively associated with positive internal experiences, such that those 
with higher acceptance had higher negative internal experiences. Subsequently, in the model 
described above, those with higher amounts of acceptance engaged in lower amounts of physical 
activity (Figure 4). Potentially in a study without the explicit usage of acceptance-based 
techniques, “acceptance” meant that participants were more accepting of their negative internal 
experiences and those experiences drove their behavior.  
 In sum, while aspects of several models were in line with hypotheses, none of the models 
entirely supported hypotheses. Discomfort tolerance moderated the relationship between weak 
and MVPA, and between perceived exertion and MVPA, suggesting that discomfort tolerance 
may be a key skill to promote when increasing engagement in physical activity. Discomfort 
avoidance did not seem to have an effect on the relationship between the rating of weak/strong 
and MVPA at greater levels of weakness. Acceptance moderated the relationship between 
weak/strong and MVPA at baseline, however in the opposite direction than expected, such that 
those with greater amounts of acceptance performed less MVPA. Potentially in a study without 
the explicit usage of acceptance-based psychological processes, acceptance was a proxy for 
awareness or acceptance of the negative internal experiences that were found to be correlated 
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with higher acceptance. Overall, the acceptance-based psychological processes had a larger 
effect at more positive internal experiences. This suggests that one may need both a positive 
affective experience of exercise and additional skills to consistently engage in high levels of 
physical activity.  
An explanation for the mixed results of the moderating relationship between internal 
experiences, physical activity, and acceptance-based psychological processes is that participants 
were naïve to acceptance-based psychological processes and thus did not explicitly employ any 
of the constructs. While there is preliminary evidence for an acceptance-based intervention for 
physical activity, there is no intervention to date with full efficacy data. Therefore, this model 
was tested with participants naïve to these processes to ensure intervention effects were not 
measured. Previous literature generally shows this moderating relationship between internal 
experiences, acceptance-based psychological processes, and a maladaptive behavior when a 
specific acceptance-based intervention is used (Levin, Luoma, & Haeger, 2015). Therefore, an 
intervention may need to be employed to fully study the proposed model. Future studies could 
test this relationship with either long term interventions with efficacy data, or with short-term 
interventions and short-term responses in a lab-based environment.  
 A potential explanation of the lack of significant moderation relationships between 
internal experiences, acceptance-based psychological processes, and physical activity at six 
months is that participants underwent standard behavioral treatment (SBT) following baseline, 
when the internal experiences and acceptance-based psychological processes were measured. As 
stated above, SBT includes many lifestyle changes which may alter the internal experiences and 
the experience of exercise itself. Therefore, these changes may have overpowered the 
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relationships between baseline internal experiences, acceptance-based psychological processes, 
and physical activity at six months.  
Overall, while this study demonstrated that discomfort tolerance may buffer the 
relationship between the internal experiences of weakness/perceived exertion and MVPA, the 
acceptance-based psychological processes had larger effects on positive internal experiences and 
no model significantly predicted physical activity at six months. Implications include a focus on 
discomfort tolerance in physical activity interventions, and that future interventions may need to 
simultaneously foster positive affective experiences and promote acceptance-based 
psychological processes to promote sustained engagement in physical activity. Additionally, 
participants may need to activity engage in acceptance-based psychological skills to accurately 
test the model, a consideration for future studies. Lastly, participants underwent six months of 
lifestyle modification, which included many changes in the experience of exercise which may 
have overpowered the relationship between any baseline factors and future physical activity. 
Additional explanations for results include limitations in the methods and measurements, 
discussed below.  
 Post-hoc analyses examined if the Feeling Scale significantly correlated with the 
subjective internal experience ratings the same time point, in order to further explore the internal 
experience scores utilized in this study. The Feeling Scale did significantly positively correlate 
with each internal experience. Despite all the ratings correlating with the Feeling Scale at this 
time point, at baseline only some were associated with concurrent physical activity and each 
interacted in different ways with the acceptance-based measures in the moderation analyses, 
therefore the more detailed ratings may provide a more specific and robust depiction of the 
relationship between internal experiences and physical activity. This suggests that breaking down 
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the Feeling Scale slightly may increase clinical utility, yet also retain the same overall construct 
of measurement. However, the Feeling Scale at this time point did not correlate with 
accelerometer measured MVPA at this time point. The Feeling Scale was taken during the 
treadmill walk that as discussed below, has many limitations. Among those limitations include 
that the treadmill walk was shorter and not as aversive as previous tasks where the Feeling Scale 
was measured. Therefore, these results may have demonstrated a different relationship between 
the Feeling Scale during an instance of exercise and concurrent physical activity because the task 
had a shorter and lower level of intensity than prior tasks.  
 Of note, the interpretations of this aim combined with the interpretations in aim one are 
limited. The internal experiences and Feeling Scale results measured for this exploratory aim 
were taken 1 year after treatment start, while the internal experiences for the primary aim were 
taken at treatment start. Feeling Scale ratings at baseline were not collected and therefore were 
not available for comparison. While the timing limits interpretation, the data available did 
demonstrate that the Feeling Scale and internal experience ratings were positively correlated at 
one assessment point, suggesting that they could be correlated at other time points.  
4.3 Limitations and Additional Future Directions 
Limitations to the present study include over-reliance of lab-based and self-report 
measurements and methods that may limit external validity. First among the method and 
measurement limitations, the treadmill task may have been too artificial of an instance of 
exercise to produce accurate internal experiences. The walk during which the internal experience 
ratings were elicited was shorter and less intense than in previous studies. In this study the half-
mile walk took on average 9.3 minutes with an average Borg intensity of 13.1, indicative of a 
“somewhat hard” intensity (Borg, 1982). Another study that utilized objectively measured 
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physical activity to examine the internal experience and physical activity relationship measured 
internal experiences during a 30-minute task on a cycle ergometer at moderate intensity, during 
which affect was measured every ten minutes (Schneider & Kwan, 2013). That study found that 
a positive change in affect during the moderate intensity exercise was associated with greater 
MVPA. Perhaps the exercise in the present study was not long or difficult enough to foster a 
variety of internal experiences to reliably predict physical activity. The previous study mentioned 
could be replicated with a longer instance of exercise to test if internal experiences taken from a 
longer bout of exercise better predict physical activity at different time points in people with 
overweight/obese BMIs.  
Additionally, another limitation in this study is the lack of ventiallatory threshold (VT) 
measurement. The dual-mode theory posits that below VT, cognitive and affective processes are 
more salient to physical activity engagement, and above VT, interceptive processes are more 
salient to physical activity engagement (Williams, 2008). Given the aims of this study, it would 
have been beneficial to employ a measurement of VT to ensure participants stayed below their 
VT. Prior research on self-paced exercise does show that when a participant self-selects the 
intensity, the intensity is around their VT or just below (Williams, 2008). The instructions for the 
walking task were “This is a measure of physical fitness, so please push yourself to walk as 
quickly as you can,” which encourages a high-intensity, but overall the intensity is self-selected. 
A measure of VT would have ensured that participants stayed below their VT and also provided 
a physiological control of the intensity for all participants. In future iterations of this study, the 
limitations of the treadmill task should be addressed by increasing the length and including a 
measurement of VT to ensure the intensity remains stable throughout participants.  
INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  39 
There are other limitations in the measurement of internal experience in this study due to 
the lab-based nature of the measurement. There may be aspects of physical activity that influence 
internal experiences that were not activated in a lab-setting. The exercise in the lab was with a 
research staff of a behavioral weight loss study, and this artificial setting could have altered 
measurement in several ways. Potentially participants may have rated their internal experiences 
as more positive because they wanted to be seen as enjoying physical activity by research staff. 
Participants may also see themselves starting a weight loss treatment and doing physical activity 
as part of beginning that treatment, and thus may wish to see themselves enjoying physical 
activity to better engage in their new identity to prevent cognitive dissonance. Additionally, in 
this lab-based environment participants were potentially shielded from aspects of the outside 
world that typically influence their internal experiences during physical activity, such as the 
fitness and fatness stereotypes (Robertson & Bohora, 2008). Lastly, these internal experiences 
were taken as part of a scheduled lab assessment that was approximately one hour long in total. 
Participants already planned the entire hour away from engagements (such as work or childcare), 
therefore the instance of exercise during the assessment did not have the same qualities that 
exercise outside of the lab may have, such as stress about time taken out of the day or having 
options to do more pleasurable alternative activities. Of note, participants generally rated the 
experience as pleasurable, which provides further evidence this task did not elicit the full range 
of internal experiences present in typical physical activity.  
 Another limitation in this study is the internal experience measurement itself. While the 
Feeling Scale was correlated with the internal experience measure at one time point, neither 
measure has been fully validated in samples with overweight or obese BMIs. Exercise may be 
especially difficult for those with overweight/obese BMIs due to excess weight, and potentially 
INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  40 
could lead to different internal experiences of physical activity. Certain internal experiences, 
such as a non-specific urge to stop exercise and engage in a more sedentary or more pleasurable 
activity, may be more present in individuals with overweight/obese BMIs and was not an internal 
experience captured in the present study. Future work is needed to better identify the internal 
experiences present during physical activity in people with overweight/obese BMIs, and 
subsequently which internal experiences are relevant to promoting physical activity in this 
population.  
A potential limitation of the internal experience measure to note is that the factor analysis 
of the internal experiences did not yield a coherent pattern; however, Ekkekakis & Petruzzello 
(2000) noted that other affect measurements in the exercise literature yielded coherent factor 
analyses without being theoretically sound. Therefore, a factor analysis without appropriate 
context is not necessarily meaningful, which may suggest that a lack of a coherent factor 
analyses also does not hinder potential interpretations.  
Another limitation of this study is the reliance on self-report measurements of 
acceptance-based concepts, which are severely limited. This study only utilized three 
measurements of acceptance-based concepts, all of which were self-report and not behavioral. 
This lack of behavioral measures may limit results; as an example, behavioral and self-report 
measures of discomfort intolerance differ in measured constructs (objective ability to persist 
during discomfort vs. individual’s perception of own ability to tolerate discomfort) and in results 
(Bonn-Miller et al., 2009; McHugh & Otto, 2011). Therefore, overreliance on self-report 
measures of acceptance-based psychological processes in this study may limit conclusions from 
results. However, there are no behavioral measures of physical activity specific willingness, 
acceptance, and discomfort intolerance, and future research is needed to develop such measures 
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to further test this model. Additionally, the field of acceptance-based measures is overall limited; 
despite there being six main concepts of acceptance-based theory, there are only validated 
measurements for acceptance, and only one specific measurement of physical activity acceptance 
and willingness. There are many aspects of acceptance-based theory that are posited to alter 
behavior, however many of them could not be applied here due to lack of measurement. For 
example, values and values clarity could be an important moderator in the relationship between 
internal experiences and physical activity. Values are the ideas, principles, and domains in life 
that are the most important and personal, and may be a very powerful motivator to engage in 
physical activity despite negative internal experiences (Forman & Butryn, 2015). However, there 
is no validated measure of values or values clarity. Future studies should develop and test 
measurements of these constructs.   
Next theoretical steps from this study include continuing to explore the relationship 
between internal experiences, acceptance-based psychological processes, and physical activity. 
Establishing directionality of the effects of acceptance-based techniques and internal experiences 
would elucidate which aspect of physical activity to target first; for example, can an intervention 
only promote acceptance-based psychological processes and achieve long-term results, or must it 
promote a combination of positive affective experience and acceptance-based psychological 
processes to achieve long-term results? Additionally, manipulating the timing of skill 
implementation (altering the affective experience or promoting acceptance-based techniques) 
and continuing to measure individuals’ performance may provide further information on 
phenotypes of individuals in physical activity interventions. It may be that certain individuals 
already have positive internal experiences during physical activity, and they need supplemental 
skills to continue engagement; however other individuals may have higher innate acceptance-
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based skills but need additional support in finding what exercise provides a positive internal 
experience for them. It may also be helpful to compare individuals with high and low intensity 
ratings to elucidate types of reactions to exercise. By isolating different phenotypes and 
manipulating different techniques in physical activity interventions, future studies may be able to 
explore these relationships further.   
 Future directions also include testing the proposed model of internal experiences and 
acceptance-based psychological processes in an in-lab measurement, to test if the specific or 
instructed usage of acceptance-based skills moderate the relationship in a brief setting. The 
efficacy of acceptance-based intervention for physical activity has been tested in lab-based 
paradigm, which could be modified to include measurement of internal experiences. In that 
study, participants engaged in an increasing intensity cycle test and were then randomized to 
either a single acceptance-based session or a single behavioral goal-setting session, after which 
participants repeated the cycle test (Ivanova, Jensen, Cassoff, Gu, & Knäuper, 2015). That 
paradigm could be replicated, with the inclusion of internal experience measurement, to test both 
specific aims of this study.   
 Future studies of acceptance-based models for physical activity could also consider 
testing the model during weight loss maintenance. A proposed reason for the lack of findings in 
this study is that the components of behavioral weight loss were powerful and potentially 
overshadowed several baseline determinants of behavior. Participants may not need acceptance-
based skills for physical activity when multiple aspects of their internal experiences during 
physical activity changed during SBT. Further study of this relationship during maintenance, 
when the components of behavioral weight loss are less salient and the internal experiences of 
physical activity are more stable, may yield different results. Additionally, testing this model 
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after an acceptance-based intervention will provide a different set of information, but will 
elucidate how this model may change through specifically learning and invoking acceptance-
based psychological processes.  
 As mentioned previously, additional future directions include examining phenotypes of 
internal experience and acceptance-based psychological processes. The mean total physical 
activity minutes were focused on in this study, however of note the range in some of the 
individuals cells was as large as 0 to approximately 500 minutes of physical activity (Tables 8-
10). These are at the extremes in this sample, but this does suggest that there are individual 
differences even in the same cell, and those should be explored more in future research.   
While these results generally do not support the moderating relationship between internal 
experience, acceptance-based psychological processes, and physical activity, and have several 
limitations, they still contribute to the literature. The acceptance-based literature is lacking in 
moderation analyses in general, and most moderation analyses in related studies have focused on 
mindfulness interventions (Levin et al., 2015). While mindfulness is a component of acceptance-
based treatment, it is also a stand-alone treatment, and therefore these theoretical models need to 
be tested in both settings. This is the first investigation of the proposed moderation of the 
relationship between internal experiences and physical activity by acceptance-based 
psychological processes, while much of the previous work has been conducted in substance 
abuse, depression, and some in eating behaviors (Levin et al., 2015). 
4.3 Summary 
 Adults with overweight and obese BMIs generally have low rates of physical activity. 
Even after significant intervention, many still do not preform the recommended amount of 
physical activity. Previous literature has suggested that internal experiences play an important 
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role in physical activity promotion, however measurement of models with broader internal 
experiences and objectively measured physical activity in people with overweight or obese BMIs 
is nonexistent, and therefore this study sought to fill that gap. A few internal experiences were 
associated with concurrent physical activity, however none predicted future physical activity. 
These results suggest that it may be clinically helpful to include more specific measurement of 
internal experiences to examine the relationship between internal experiences and physical 
activity. This study also examined an alternative approach to altering the relationship between 
internal experiences and physical activity, by studying the proposed moderating effect of 
acceptance-based psychological processes on this relationship between internal experiences and 
physical activity. Results suggest that discomfort tolerance may be a key skill in physical activity 
promotion. However, the majority of models demonstrated results opposite to hypotheses, that 
acceptance-based psychological processes had larger effects at positive internal experiences. 
Implications of these results include a potential need to focus on promoting a positive affective 
experience of exercise prior to offering additional skills for long-term engagement in physical 
activity. Other explanations include lack of explicit utilization of acceptance-based techniques 
during the task, and the potent components of behavioral weight loss that altered many aspects of 
the experience of physical activity. Limitations of this study include the methodology of eliciting 
the internal experiences, measurement of the internal experiences, and measurement of the 
acceptance-based psychological processes. Despite yielding overall results contrary to previous 
literature and hypotheses, this study is the first to examine the moderating relationship between 
internal experiences, acceptance-based psychological processes, and physical activity, and 
therefore provides unique insight into this relationship in a population that requires significant 
intervention to increase physical activity. Studies of the theoretical model are essential to 
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understanding interventions’ efficacy, and future studies of acceptance-based interventions and 
models for physical activity should seek to address the limitations of this study.  
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Measures of Internal Experiences  Measures of Physical Activity  Measures of Acceptance-based 
Psychological Processes 
 
1. Likert scale 0-100 for: 
• exhausted to energetic  
• weak to strong  
• bored to enthusiastic 
• irritable to content  
• in great pain to no paint at 
all  
 
1. Immediate physical activity 
(dichotomous outcome of the 
Choice Task) 
 
2. Current physical activity 
(accelerometer measured bouted 
time in MVPA at baseline) 
 
3. Future physical activity 
(accelerometer measured bouted 
time in MVPA at 6 months) 
1. Physical Activity 
Acceptance 
(cognitive acceptance subscale 
of Physical Activity Acceptance 
Questionnaire) 
 
2. General Acceptance 








4. Discomfort Intolerance 
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Variable (range) Baseline M (SD) 
Internal Experiences (0-100 except as noted)  
     Exhausted to Energetic 71.0 (19.4) 
     Weak to Strong 72.8 (18.9) 
     Bored to Enthusiastic 60.7 (29.3) 
     Irritable to Content 77.9 (21.6) 
     In Great Pain to No Pain at all 84.2 (20.1) 
     Perceived Rating of Intensity (6-20) 13.08 (1.90) 
PAAQ Acceptance (5-35) 25.0 (5.1) 
AAQ (7-49) 20.3 (6.7) 
PAAQ Willingness (5-35) 15.3 (8.0) 
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 Rotated Factor Loadings 
Item Factor 1: AAQ Factor 2: PAAQ Willingness PAAQ Acceptance 
AAQ1. 0.82 0.03 0.04 
AAQ2. 0.82 -0.01 0.03 
AAQ3. 0.84 0.01 0.06 
AAQ4. 0.88 0.05 -0.05 
AAQ5. 0.84 -0.01 -0.02 
AAQ6. 0.77 0.04 0.05 
AAQ7. 0.86 -0.11 -0.08 
PAAQ3.  0.09 0.69 -0.01 
PAAQ7.  -0.03 0.82 0.06 
PAAQ8.  -0.06 0.74 -0.01 
PAAQ9.  0.001 0.73 0.02 
PAAQ10.  -0.01 0.77 -0.11 
PAAQ1.  0.03 0.12 0.77 
PAAQ2.  0.01 0.01 0.79 
PAAQ4.  -0.002 -0.14 0.77 
PAAQ5.  -0.01 0.09 0.87 





Table 3. Rotated factor loadings. Values above 0.40 are bolded.  
  
INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  49 
 




























 0.35* -0.01 -0.01 -0.03 
Great Pain to 
No Pain 
    -0.19* 0.11 -0.01 
Perceived 
Intensity 
     -0.01 0.05 
MVPA at 
Baseline 




Table 4: Pearson correlation matrix of internal experiences and physical activity. Pearson correlations noted, however physical activity 
data was non-linear and a model estimating the linear relationship was used in analyses. *Denotes Pearson correlations with p<0.05.  































Table 5. Correlation matrix of internal experience and acceptance-based psychological processes. 









Energetic 0.14* -0.13* 0.18* 0.09 
Weak to Strong 
0.12* -0.21* -0.19* -0.16* 
Bored to 
Enthusiastic 
0.24* -0.18* -0.19* -0.05 
Irritable to 
Content 
0.23* -0.23* -0.19* -0.12 
Great Pain to 
No Pain 
0.12* -0.23* -0.12* -0.17* 
Perceived 
Intensity 
-0.002 0.06 -0.01 -0.04 
PAAQ 
Commitment  -0.23* -0.29* -0.01 
PAAQ 
Acceptance   0.29* 0.24* 
DIS 
   0.17* 





Table 6. Pearson correlation matrix of acceptance-based psychological processes and physical 
activity. Pearson correlations noted, however physical activity data was non-linear and a model 
estimating the linear relationship was used in analyses. *Denotes Pearson correlations with 







MVPA at Baseline -0.04 -0.19* -0.01 0.03 
MPVA at 6 Months 0.08 -0.03 -0.07 0.02 




 Weak to Strong 


















Table 7. Total minutes of moderate to vigorous physical activity at quartiles of the values of 
weak/strong and discomfort intolerance. 
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Discomfort 
Avoidance 
 Weak to Strong 



















Table 8. Total minutes of moderate to vigorous physical activity at quartiles of the values of 
weak/strong and discomfort avoidance. 
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PAAQ 
Acceptance 
 Weak to Strong 




















Table 9. Total minutes of moderate to vigorous physical activity at quartiles of the values of 
weak/strong and PAAQ Acceptance. 
  

























Table 10. Total minutes of moderate to vigorous physical activity at quartiles of the values of 
low to high perceived exertion and discomfort intolerance. 
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Acceptance based psychological 
processes (acceptance, willingness, 
and distress tolerance) 
 
Figure 1. Proposed moderation model. 
 






Figure 2. The relationship between weak/strong and bouted MVPA at baseline, moderated by 
discomfort intolerance. Values of the measures are not noted because the variables were mean 







































Figure 3: The relationship between weak/strong and bouted MVPA at baseline, moderated by 
discomfort avoidance. Values of the measures are not noted because the variables were mean 









































Figure 4. The relationship between weak/strong and bouted MVPA at baseline, moderated by 
PAAQ acceptance. Values of the measures are not noted because the variables were mean 
centered for analyses    
































Figure 5. The relationship between rating of perceived intensity (Borg) and bouted MVPA at 
baseline, moderated by discomfort intolerance. Values of the measures are not noted because the 

































INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  
LIST OF REFERENCES 
 
Aadahl, M., von Huth Smith, L., Pisinger, C., Toft, U. N., Glümer, C., Borch-Johnsen, K., & 
Jørgensen, T. (2009). Five-year change in physical activity is associated with changes in 
cardiovascular disease risk factors: the Inter99 study. Preventive Medicine, 48(4), 326–
331. https://doi.org/10.1016/j.ypmed.2009.01.015 
 
Ajzen, I. (1991). The theory of planned behavior. Organizational Behavavior and Human 
Decision Processes, 50, 179–211. 
 
Anderson, J. W., Konz, E. C., Frederich, R. C., & Wood, C. L. (2001). Long-term weight-loss 
maintenance: a meta-analysis of US studies. Am J Clin Nutr, 74(5), 579–84. 
 
Annesi, J. J. (2002). Relation of rated fatigue and changes in energy after exercise and over 14 
weeks in previously sedentary women exercisers. Perceptual and Motor Skills, 95(3 Pt 
1), 719–727. https://doi.org/10.2466/pms.2002.95.3.719 
 
Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. 
Prentice-Hall, Inc. 
 
Bandura, A. (2004). Health promotion by social cognitive means. Health Educ Behav, 31(2), 
143–64. https://doi.org/10.1177/1090198104263660 
 
Bond, F. W., Hayes, S. C., Baer, R. A., Carpenter, K. M., Guenole, N., Orcutt, H. K., … Zettle, 
R. D. (2011). Preliminary Psychometric Properties of the Acceptance and Action 
Questionnaire–II: A Revised Measure of Psychological Inflexibility and Experiential 
Avoidance. Behavior Therapy, 42(4), 676–688. 
https://doi.org/10.1016/j.beth.2011.03.007 
 
Borg, G. A. (1982). Psychophysical bases of perceived exertion. Medicine and Science in Sports 
and Exercise, 14(5), 377–381. 
 
Boulé, N. G., Haddad, E., Kenny, G. P., Wells, G. A., & Sigal, R. J. (2001). Effects of exercise 
on glycemic control and body mass in type 2 diabetes mellitus: a meta-analysis of 
controlled clinical trials. JAMA, 286(10), 1218–1227. 
 
Bouten, C. V., Westerterp, K. R., Verduin, M., & Janssen, J. D. (1994). Assessment of energy 
expenditure for physical activity using a triaxial accelerometer. Med Sci Sports Exerc, 
26(12), 1516–23. 
 
Butryn, M. L., Arigo, D., Raggio, G. A., Kaufman, A. I., Kerrigan, S. G., & Forman, E. M. 
(2015). Measuring the Ability to Tolerate Activity-Related Discomfort: Initial Validation 
of the Physical Activity Acceptance Questionnaire (PAAQ). Journal of Physical Activity 
& Health, 12(5), 717–716. https://doi.org/10.1123/jpah.2013-0338 
INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  
Butryn, M. L., Forman, E., Hoffman, K., Shaw, J., & Juarascio, A. (2011). A pilot study of 
acceptance and commitment therapy for promotion of physical activity. Journal of 
Physical Activity & Health, 8(4), 516–522. 
 
Butryn, M. L., Kerrigan, S., Arigo, D., Raggio, G., & Forman, E. M. (2016). Pilot Test of an 
Acceptance-Based Behavioral Intervention to Promote Physical Activity During Weight 
Loss Maintenance. Behavioral Medicine (Washington, D.C.), 1–11. 
https://doi.org/10.1080/08964289.2016.1170663 
 
Centers for Disease Control and Prevention. (2014). Facts about Physical Activity. CDC. 
Retrieved from http://www.cdc.gov/physicalactivity/data/facts.htm 
 
Chen, M. J., Fan, X., & Moe, S. T. (2002). Criterion-related validity of the Borg ratings of 
perceived exertion scale in healthy individuals: a meta-analysis. Journal of Sports 
Sciences, 20(11), 873–899. https://doi.org/10.1080/026404102320761787 
 
Curioni, C. C., & Lourenço, P. M. (2005). Long-term weight loss after diet and exercise: a 
systematic review. International Journal of Obesity (2005), 29(10), 1168–1174. 
https://doi.org/10.1038/sj.ijo.0803015 
 
Downs, A., Van Hoomissen, J., Lafrenz, A., & Julka, D. L. (2014). Accelerometer-measured 
versus self-reported physical activity in college students: implications for research and 
practice. Journal of American College Health: J of ACH, 62(3), 204–212. 
https://doi.org/10.1080/07448481.2013.877018 
 
Dyrstad, S. M., Hansen, B. H., Holme, I. M., & Anderssen, S. A. (2014). Comparison of self-
reported versus accelerometer-measured physical activity. Medicine and Science in 
Sports and Exercise, 46(1), 99–106. https://doi.org/10.1249/MSS.0b013e3182a0595f 
 
Ekkekakis, P., Hargreaves, E. A., & Parfitt, G. (2013). Invited Guest Editorial: Envisioning the 
next fifty years of research on the exercise–affect relationship. Psychology of Sport and 
Exercise, 14(5), 751–758. https://doi.org/10.1016/j.psychsport.2013.04.007 
 
Forman, E. M., & Butryn, M. L. (2015). A new look at the science of weight control: how 
acceptance and commitment strategies can address the challenge of self-regulation. 
Appetite, 84, 171–180. https://doi.org/10.1016/j.appet.2014.10.004 
 
Forman, E. M., Butryn, M. L., Manasse, S. M., Crosby, R. D., Goldstein, S. P., Wyckoff, E. P., 
& Thomas, J. G. (2016). Acceptance-based versus standard behavioral treatment for 
obesity: Results from the mind your health randomized controlled trial. Obesity (Silver 
Spring, Md.), 24(10), 2050–2056. https://doi.org/10.1002/oby.21601 
 
Gregg, J. A., Callaghan, G. M., Hayes, S. C., & Glenn-Lawson, J. L. (2007). Improving diabetes 
self-management through acceptance, mindfulness, and values: a randomized controlled 
trial. Journal of Consulting and Clinical Psychology, 75(2), 336–343. 
https://doi.org/10.1037/0022-006X.75.2.336 
INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  
Hall, J. (1976). Classical conditioning and instrumental learning: A contemporary approach. 
Philadelphia, PA: Lippincott. 
 
Hardy, C. J., & Rejeski, W. J. (1989). Not what, but how one feels: The measurement of affect 
during exercise. J Sport Exerc Psychol, 11(3), 304–317. 
 
Haskell, W. L., Lee, I.-M., Pate, R. R., Powell, K. E., Blair, S. N., Franklin, B. A., … American 
Heart Association. (2007). Physical activity and public health: updated recommendation 
for adults from the American College of Sports Medicine and the American Heart 
Association. Circulation, 116(9), 1081–1093. 
https://doi.org/10.1161/CIRCULATIONAHA.107.185649 
 
Hayes, S. C., Luoma, J. B., Bond, F. W., Masuda, A., & Lillis, J. (2006). Acceptance and 
commitment therapy: model, processes and outcomes. Behaviour Research and Therapy, 
44(1), 1–25. https://doi.org/10.1016/j.brat.2005.06.006 
 
Hayes, S. C., Strosahl, K. D., & Wilson, K. G. (1999). Acceptance and Commitment Therapy. 
The Guilford Press. 
 
Jakicic, J. M., Marcus, B. H., Lang, W., & Janney, C. (2008). Effect of exercise on 24-month 
weight loss maintenance in overweight women. Archives of Internal Medicine, 168(14), 
1550–1559; discussion 1559–1560. https://doi.org/10.1001/archinte.168.14.1550 
 
Jiménez, F. J. R. (2012). Acceptance and Commitment Therapy versus Traditional Cognitive 
Behavioral Therapy: A Systematic Review and Meta-analysis of Current Empirical 
Evidence. International Journal of Psychology and Psychological Therapy, 12(3), 333–
358. 
 
Kelley, G. A., Kelley, K. S., & Tran, Z. (2005a). Aerobic exercise, lipids and lipoproteins in 
overweight and obese adults: a meta-analysis of randomized controlled trials. 
International Journal of Obesity (2005), 29(8), 881–893. 
https://doi.org/10.1038/sj.ijo.0802959 
 
Kelley, G. A., Kelley, K. S., & Tran, Z. V. (2005b). Exercise, lipids, and lipoproteins in older 
adults: a meta-analysis. Preventive Cardiology, 8(4), 206–214. 
 
Klonoff, E. A., Annechild, A., & Landrine, H. (1994). Predicting exercise adherence in women: 
the role of psychological and physiological factors. Preventive Medicine, 23(2), 257–262. 
https://doi.org/10.1006/pmed.1994.1036 
 
Lillis, J., Niemeier, H. M., Thomas, J. G., Unick, J., Ross, K. M., Leahey, T. M., … Wing, R. R. 
(2016). A randomized trial of an acceptance-based behavioral intervention for weight loss 
in people with high internal disinhibition. Obesity (Silver Spring, Md.), 24(12), 2509–
2514. https://doi.org/10.1002/oby.21680 
INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  
Manstead, A. S. R., & Parker, D. (1995). Evaluating and Extending the Theory of Planned 
Behaviour. European Review of Social Psychology, 6(1), 69–95. 
https://doi.org/10.1080/14792779443000012 
 
Redman, L. M., Heilbronn, L. K., Martin, C. K., Alfonso, A., Smith, S. R., Ravussin, E., & 
Pennington CALERIE Team. (2007). Effect of calorie restriction with or without exercise 
on body composition and fat distribution. The Journal of Clinical Endocrinology and 
Metabolism, 92(3), 865–872. https://doi.org/10.1210/jc.2006-2184 
 
Rhodes, R. E., Fiala, B., & Conner, M. (2009). A review and meta-analysis of affective 
judgments and physical activity in adult populations. Annals of Behavioral Medicine: A 
Publication of the Society of Behavioral Medicine, 38(3), 180–204. 
https://doi.org/10.1007/s12160-009-9147-y 
 
Rhodes, R. E., & Kates, A. (2015). Can the Affective Response to Exercise Predict Future 
Motives and Physical Activity Behavior? A Systematic Review of Published Evidence. 
Annals of Behavioral Medicine, 49(5), 715–731. 
https://doi.org/http://dx.doi.org/10.1007/s12160-015-9704-5 
 
Rockette-Wagner, B., Storti, K. L., Dabelea, D., Edelstein, S., Florez, H., Franks, P. W., … 
Kriska, A. M. (2016). Activity and Sedentary Time 10 Years After a Successful Lifestyle 
Intervention: The Diabetes Prevention Program. American Journal of Preventive 
Medicine. https://doi.org/10.1016/j.amepre.2016.10.007 
 
Rosales, W., Cofré, C., Alejandra, C., Bertona, C., Vizcaya, A., González, J., … Rodríguez, M. 
(2016). [Validation of the Borg scale in participants with type 2 diabetes mellitus]. 
Revista Medica De Chile, 144(9), 1159–1163. https://doi.org/10.4067/S0034-
98872016000900009 
 
Ross, R., Dagnone, D., Jones, P. J., Smith, H., Paddags, A., Hudson, R., & Janssen, I. (2000). 
Reduction in obesity and related comorbid conditions after diet-induced weight loss or 
exercise-induced weight loss in men. A randomized, controlled trial. Annals of Internal 
Medicine, 133(2), 92–103. 
 
Schmidt, N. B., Richey, J. A., & Fitzpatrick, K. K. (2006). Discomfort intolerance: Development 
of a construct and measure relevant to panic disorder. Journal of Anxiety Disorders, 
20(3), 263–280. https://doi.org/10.1016/j.janxdis.2005.02.002 
 
Swift, D. L., Johannsen, N. M., Lavie, C. J., Earnest, C. P., & Church, T. S. (2014). The role of 
exercise and physical activity in weight loss and maintenance. Progress in 
Cardiovascular Diseases, 56(4), 441–447. https://doi.org/10.1016/j.pcad.2013.09.012 
 
Tate, D. F., Jeffery, R. W., Sherwood, N. E., & Wing, R. R. (2007). Long-term weight losses 
associated with prescription of higher physical activity goals. Are higher levels of 
physical activity protective against weight regain? The American Journal of Clinical 
Nutrition, 85(4), 954–959. 
INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  
Unick, J. L., Jakicic, J. M., & Marcus, B. H. (2010). Contribution of behavior intervention 
components to 24-month weight loss. Med Sci Sports Exerc, 42(4), 745–53. 
https://doi.org/10.1249/MSS.0b013e3181bd1a57 
 
Unick, J. L., Strohacker, K., Papandonatos, G., Williams, D., O’Leary, K. C., Dorfman, L., … 
Wing, R. R. (2015). Examination of the consistency in affective response to acute 
exercise in overweight and obese women. Journal of Sport & Exercise Psychology, 
37(5), 534–546. https://doi.org/10.1123/jsep.2015-0104 
 
van der Pligt, J., Zeelenberg, M., van Dijk, W. W., Vries, N. K. de, & Richard, R. (1997). Affect, 
Attitudes and Decisions: Let’s Be More Specific. European Review of Social Psychology, 
8(1), 33–66. https://doi.org/10.1080/14792779643000074 
 
Wadden, T. A., Vogt, R. A., Foster, G. D., & Anderson, D. A. (1998). Exercise and the 
maintenance of weight loss: 1-year follow-up of a controlled clinical trial. Journal of 
Consulting and Clinical Psychology, 66(2), 429–433. 
 
Ward, D. S., Evenson, K. R., Vaughn, A., Rodgers, A. B., & Troiano, R. P. (2005). 
Accelerometer use in physical activity: best practices and research recommendations. 
Med Sci Sports Exerc, 37(11 Suppl), S582–8. 
 
Wetherell, J. L., Afari, N., Rutledge, T., Sorrell, J. T., Stoddard, J. A., Petkus, A. J., … Atkinson, 
J. H. (2011). A randomized, controlled trial of acceptance and commitment therapy and 
cognitive-behavioral therapy for chronic pain. Pain, 152(9), 2098–2107. 
https://doi.org/10.1016/j.pain.2011.05.016 
 
Wetherell, J. L., Petkus, A. J., Alonso-Fernandez, M., Bower, E. S., Steiner, A. R. W., & Afari, 
N. (2016). Age moderates response to acceptance and commitment therapy vs. cognitive 
behavioral therapy for chronic pain. International Journal of Geriatric Psychiatry, 31(3), 
302–308. https://doi.org/10.1002/gps.4330 
 
Williams, D. M., Dunsiger, S., Emerson, J. A., Gwaltney, C. J., Monti, P. M., & Miranda, R. 
(2016). Self-Paced Exercise, Affective Response, and Exercise Adherence: A Preliminary 
Investigation Using Ecological Momentary Assessment. Journal of Sport & Exercise 
Psychology, 38(3), 282–291. https://doi.org/10.1123/jsep.2015-0232 
 
Williams, D. M., Dunsiger, S., Jennings, E. G., & Marcus, B. H. (2012). Does affective valence 
during and immediately following a 10-min walk predict concurrent and future physical 
activity? Annals of Behavioral Medicine: A Publication of the Society of Behavioral 
Medicine, 44(1), 43–51. https://doi.org/10.1007/s12160-012-9362-9 
 
Zanna, M., & Rempel, J. (1988). Attitudes: A new look at an old concept. In D. Bar-Tal & 




INTERNAL EXPERIENCES AND PHYSICAL ACTIVITY  
APPENDIX A: MEASURES 
 
 
Treadmill and internal experience scales 
 
 
 
